We analyzed the light curves of 1376 early-to-late, nearby M dwarfs to search for white-light flares using photometry from the All-Sky Automated Survey for Supernovae (ASAS-SN). We identified 480 M dwarfs with at least one potential flare employing a simple statistical algorithm that searches for sudden increases in V -band flux. After more detailed evaluation, we identified 62 individual flares on 62 stars. The event amplitudes range from 0.12 < ∆V < 2.04 mag. Using classical-flare models, we place lower limits on the flare energies and obtain V -band energies spanning 2.0 × 10 30 E V 6.9 × 10 35 erg. The fraction of flaring stars increases with spectral type, and most flaring stars show moderate to strong Hα emission. Additionally, we find that 14 of the 62 flaring stars are rotational variables, and they have shorter rotation periods and stronger Hα emission than non-flaring rotational variable M dwarfs.
INTRODUCTION
Stellar flares are the consequence of surface magnetic fields. When magnetic field lines reconnect, they cause large, rapid flux increases in the UV, X-ray and sometimes optical wavelengths (France et al. 2013; Jones & West 2016; Hawley et al. 2014) . Flares, sunspots and prominences, as well as other magnetic phenomena, have been extensively studied since the mid-1800s after the Carrington Event on the Sun (Carrington 1859) . Subsequent studies of starspots, flare activity have been extended down to the low-mass end of the main sequence (e.g., Hawley et al. 1996; Kowalski et al. 2013; Hawley et al. 2014; Newton et al. 2016; Mondrik et al. 2018; Yang et al. 2017; Günther et al. 2019) . Photometric ob-* Carnegie Fellow servations of M dwarfs, cool and small stars with temperatures and masses between 2400-4000 K and 0.2-0.63 M , respectively (Gershberg 2005) , reveal strong chromospheric activity with starspots and flares and activity lifetimes that persist over Gyr timescales, longer than on Sun-like stars .
Some open issues in stellar physics and activity include the evolution of the magnetic field strength and whether low-mass stars exhibit activity cycles like those observed in the Sun and Sun-like stars (Vida et al. 2013 (Vida et al. , 2014 . Additionally, the dependence of flare rates on spectral type and age has not been fully characterized (Ilin et al. 2018) . Previous studies suggest that M4 and later-type stars flare with higher frequency and larger amplitudes than earlier M stars (Kowalski et al. 2009; Davenport et al. 2012; Hawley et al. 2014 ). However, very low-mass stars (< 0.35M ) are typically convective and lack tachoclines (Chabrier & Baraffe 1997) , which raises questions about the drivers of heightened activity in the very low-mass regime.
Other questions in stellar and flare physics involve the relationships between activity, ages and rotation rates. There is evidence that rapid rotators are more active than slow rotators (Kiraga & Stepien 2007; Newton et al. 2017; Mondrik et al. 2018 ), but identifying and studying flares and activity cycles requires long-term observations of these stars. With the advent of large surveys like the All-Sky Automated Survey (ASAS; Pojmanski 1997), Evryscope (e.g., Howard et al. 2019) , the Panoramic Survey Telescope and Rapid Response System (Pan-STARRS; Kaiser 2004) , the Kepler Space Telescope (Borucki et al. 2010) , the Transiting Exoplanet Survey Satellite (TESS ; Ricker et al. 2015) , and the All-Sky Automated Survey for Supernovae (ASAS-SN; Shappee et al. 2014; Kochanek et al. 2017) , it has been possible to obtain detailed observations of flares across a wide range of spectral types and wavelengths, allowing some of these questions to be answered. However, our understanding of the rates and energy distributions of flares on M dwarfs is not complete, and an in-depth exploration of M-dwarf activity requires more observations. This is especially true in the very lowmass regime, where observations are more challenging because the stars are optically faint.
Here we search for flares from M-dwarf stars in ASAS-SN. ASAS-SN is an all-sky, optical survey with the primary goal of identifying bright supernovae and other transients. ASAS-SN presently consists of twenty 14cm telephoto lenses, covering around 16000 sq. degrees at a median cadence of roughly 21 hours in g band and ∼2−3 days in V band from 2012 to 2018 (the time span considered in this paper).
Several strong flares have been found with ASAS-SN (Stanek et al. 2013; Simonian et al. 2016; Rodríguez et al. 2018 ) and characterized in detail (Schmidt et al. 2014 . Recently, Schmidt et al. (2018) compiled a catalog of M-dwarf flares serendipitously identified in the first four years of ASAS-SN transient alerts. Schmidt et al. (2018) followed-up these events with additional photometry and spectroscopy of the host stars.
The study of flares and stellar activity of M dwarfs is important for the habitability of planets orbiting these small, cool stars. Transit and radial velocity exoplanet missions have uncovered an abundance of small planets in the habitable zones of M dwarfs (e.g., Dressing & Charbonneau 2015) , making them crucial targets in the search for habitable worlds. However, planets in the habitable zones of M dwarfs are more exposed to stellar activity, including strong X-ray and UV emission from flares, because the habitable zones are only ∼0.1 AU from the star. As such, the activity of these stars is important because planetary habitability depends on both intrinsic planet properties and the characteristics of their host stars.
Although previous studies suggest that stellar activity negatively affects planetary atmospheres and potential surface life, the details remain an open question (e.g., Segura et al. 2010; Davenport 2016; Vida et al. 2017; O'Malley-James & Kaltenegger 2019) . Recent observations of strong and frequent flares in the mid-M dwarf Proxima Centauri have raised doubts about the existence of an atmosphere and therefore the habitability of its Earth-mass exoplanet (Davenport 2016; Howard et al. 2018) . There is significant evidence suggesting that magnetic activity and flares can cause atmospheric erosion (Lammer et al. 2007 ), runaway greenhouse effects, and hydrodynamic escape of the atmospheres (Luger & Barnes 2015; Shields et al. 2016) .
Large-scale studies of activity and flares on nearby, planet-bearing M dwarfs of all spectral types will allow prioritization of systems for follow-up observations with James Webb Space Telescope (JWST ) and other upcoming missions. Stars with low-activity are more promising targets for JWST if the aim is to find habitable exoplanets. Detailed observations of active planet hosts can reveal how activity affects planet atmospheres, and probe other relevant problems, like the interaction between stellar and planetary magnetic fields (e.g., Poppenhaeger 2015) .
Flares are unpredictable transients, so a systematic study of flares requires frequent observations over extended periods of time. In this paper, we examine two samples of M dwarfs using ASAS-SN. We search for flares in the magnitude-limited sample of earlier Mdwarfs from Lépine et al. (2013) and in the volumelimited (< 20 pc) sample of later M-dwarfs from Cruz et al. (2007) . After identifying flares, we investigate the correlations between flare frequency, flare energy, spectral type and Hα as a stellar activity indicator.
The structure of this paper is as follows. In Section 2, we describe the sample and our methodology to identify flares. We also discuss the potential sources of false positives and completeness. In Section 3.1, we estimate the energies of the identified flares, and in Section 3.2, we identify rotational variables in our sample and measure their rotational periods. In Section 3.3, we note which candidates in our sample host confirmed or potential exoplanets. Finally, in Section 4, we summarize our results.
2. OBSERVATIONS AND DATA ANALYSIS 2.1. The Sample Table 1 . Spectral types for the stars in our sample spt Lépine et al. (2013) Cruz et al. (2007 )   M0  337  -M1  299  1  M2  260  1  M3  250  2  M4  108  1  M5  18  11  M6  2  20  M7  1  31  M8  1  18  M9 -10
The majority of the sources we analyzed were taken from the Lépine et al. (2013) sample of bright M dwarfs. Lépine et al. (2013) is a spectroscopic, magnitudelimited catalog of the brightest (J < 9 mag) late-K and M dwarfs in the Northern hemisphere. It is comprised of 1564 sources, of which 1408 are spectroscopically confirmed to be stars between K7 and M6 in spectral type. This catalog is estimated to contain ∼90% of all M dwarfs in the North with J < 9 mag and they have a mean V -band brightness of V ∼ 12 mag. The spectral classifications have an estimated precision of a half-subtype. The dwarf classifications require proper motions of µ > 40 mas yr −1 to exclude red giants. We used only the sources with reliable spectral classifications, leading to a total of 1276 objects between M0 and M8 (see Table 1 ). Lépine et al. (2013) estimated the effective temperatures of these stars by fitting their spectra with PHOENIX atmospheric models (Allard et al. 2011) . They also identified active M dwarfs based on their Hα features. The strength of this line is a standard diagnostic of chromospheric activity in M dwarfs, with the most active M dwarfs showing Hα in emission rather than absorption, although some active late-K and early M dwarfs can also show Hα in absorption (Walkowicz & Hawley 2009; Newton et al. 2017) . These M dwarfs have 2660 K < T eff < 3940 K and a typical Hα equivalent width of −3Å.
We complement these sources with a volume-limited (< 20 pc) sample of late-M and ultracool dwarfs identified from 2MASS by Cruz et al. (2007) . The Lépine et al. (2013) and Cruz et al. (2007) samples are different and do not overlap. As with the Lépine et al. (2013) sample, we only use the objects spectroscopically classified as M dwarfs, yielding a sample of 100 M dwarfs with spectral types between M1-M9 (see Table 1 ), of which 97% are M5 or later. These sources have typical V -band magnitudes of V ∼ 16 mag. The stars from both catalogs were selected without reference to Hα emission or other classifiers of magnetic activity, so the sample includes both active and inactive stars.
Although we did not use this information while vetting the candidates, there is external data on the activity of these stars. In Simbad (Wenger et al. 2000) and the International Variable Stars Index (VSX, Watson et al. 2006) , 122 are identified as flare stars, generally UV Ceti stars which show flares with ∆V 0.1 to ∆V 6 mag. The others with flare star designations in Simbad come from a sample of ∼570 stars flagged in the GALEX allsky UV survey (Jones & West 2016) because they have excess UV emission.
The All-Sky Automated Survey for Supernovae (ASAS-SN)
After selecting the candidates, we obtained ASAS-SN aperture photometry for each of the 1376 stars, and we modified the standard ASAS-SN photometry pipeline to account for proper motions of the M dwarfs. Prior to 2018, ASAS-SN consisted of 4 telescopes monitoring the sky every 2−3 days to V 17. Afterwards, it rapidly built up to 20 telescopes monitoring the sky every 21 hours to g 18. ASAS-SN takes 3 dithered 90-second exposures, and we obtained the light curves for these individual exposures rather than the sum. ASAS-SN has magnitude limits of V ≈ 16.5 − 17.3 and g ≈ 18 and photometric precision of ∼0.02 mag at V ∼12 mag and ∼ 0.08 mag at V ∼16 mag .
One disadvantage of ASAS-SN is that its cadence is low and the integration time of 90 seconds is short relative to the timescale of a flare (∼100 seconds; Davenport 2016). This limits both the number of detections of a given flare, as well as the number of observable flares from each star. The former means that the shape or morphology of the flare, with its characteristic fast rise and slower exponential decay, is not well constrained. This is a limitation compared to large-scale flare searches on M dwarfs with high-cadence photometry using, for example, Kepler /K2 (Davenport 2016; Doyle et al. 2018) or Evryscope (Howard et al. 2018 (Howard et al. , 2019 .
Flare identification
In order to identify flares, we searched all of the Mdwarf light curves to select the sources with potential flares. We computed the mean, V mean , median V median , and standard deviation σ of each light curve. We then identified positive magnitude excursions that were > 2σ from the light curve and selected events that satisfied
where V peak is the peak magnitude of the flare. We used the median rather than the mean because the former is less sensitive to outliers. We chose a statistical cut of 2σ, in contrast to other works who use slightly higher cuts (e.g., Kowalski et al. 2009 and Hawley et al. 2014 use 3σ and 2.5σ, respectively) to try to identify smaller flux increases. Many of the ≥ M5 stars in the Cruz et al. (2007) sample are not directly detected by ASAS-SN and have light curves that largely consist of upper limits. For these stars we define a median magnitude based on the number of upper limits and good detections. If a light curve consisted only of upper limits, we discarded it, regardless of whether it had statistically significant outliers, as upper limits are not reliable enough for the confirmation of flares. If the light curve had a combination of upper limits and detections, then we took the median of the entire light curve. Finally, if it consisted of mostly detections (i.e., not upper limits), then we only considered the detection median rather than the median on the entire light curve.
After applying these criteria, we had 556 stars with at least one candidate flare in the Lépine et al. (2013) sample and 27 in the Cruz et al. (2007) sample. Many of these candidates were false positives from 2012 when ASAS-SN had just started, so we dropped this early data. We also excluded saturated stars (with V < 10 mag) since the corrections for saturation in the ASAS-SN pipeline (see Kochanek et al. 2017) are not reliable. After rejecting images taken in bad weather, with FWHM ≥ 2.5 pixels (71 candidates) and saturated stars (32 candidates), 453 stars with candidate flares were left from Lépine et al. (2013) and 27 from Cruz et al. (2007) .
Next, we inspected the light curves to confirm or discard the candidates. In particular, we examined the subtracted images of the candidate flares. If the flare candidate is real, the subtracted image should show a negative, star-like image at the location of the source, such as that shown in Figure 1 . In general, we kept flares that had at least 2 consecutive, > 2σ detections of the flare and a clear signal in the subtraction images at the time of the flare. In ∼10 cases, we kept flares with only one ≥ 2σ detection because the signal in the subtracted image was strong and clean.
Consecutive points that were marginally above the threshold (i.e., a few millimags above the threshold) were not considered as flares because they likely result from some systematic problem. We also verified that the flare durations of the putative events were consistent with the durations of well-studied classical (singly-peaked) flares. Almost all observed M-dwarf flares have durations of less than 90 minutes , although there are exceptions (e.g., Kowalski et al. 2010 ). None of the flares identified in our sample had durations of more than 90 minutes.
We assume that all confirmed events are classical flares rather than a mixture of classical and complex (multipeaked structures; see e.g., Hawley et al. (2014) for a discussion of classical and complex flares). Although this assumption is not necessarily true, ASAS-SN does not have the photometric precision and cadence to resolve multi-peaked events, especially since these can last longer than classical flares (up to ∼8-12 hours, e.g, Kowalski et al. 2010) .
At the end of the validation process, we had a final sample of 62 stars with at least one flare in the Lépine et al. (2013) sample. We could not confirm any of the candidates in the Cruz et al. (2007) sample. Most of these stars are near the detection limit of ASAS-SN (V ≈ 16.5 − 17.3 mag), undetected in their quiescent state and with only a single detection during the putative flare. The flare images for these sources were also not of high quality compared to those from the Lépine et al. (2013) sample. Consequently, the data were only sensitive to rarer, higher amplitude flares from a small number of stars.
We designate 8 flares as "Maybes", where the candidates could not be confirmed (see Table 3 ). A few of these are from the early (< 2013) phase of ASAS-SN, when systematic issues were less well controlled.
RESULTS
We identified 62 flares on 62 stars from the Lépine et al. (2013) sample. Figure 2 shows a few representative light curves, and Table 3 contains the properties of these stars. Of these, 34 were stars with previously observed flares, but the remaining 28 (∼45%) are new. The 34 on known flare stars are 27% of the 122 in the sample, which gives a very rough sense of the "completeness". In practice, flare energies follow a power-law distribution, so completeness is a complex combination of the duty cycle of the observations, individual flare rates, and our amplitude sensitivity, so this should only be interpreted qualitatively.
The flaring candidates range in spectral types between early M0 to M5 with temperatures of 2850 K to 3730 K. Their average distance is 62 pc (as inferred from Bailer-Jones et al. 2018), and they have a median quiescent brightness of V = 12.6 mag. These stars may have flared multiple times over the duration of the ASAS-SN observations (∼6 years), and visual inspection of the light curves indeed reveals several small events that passed the statistical cut. The amplitudes of most of the events are small, only a fraction of a magnitude. Specifically, they range from 0.12 < ∆V < 2.04 mag. We list the ∆V and the energies (Section 3.1) of the highest-amplitude events of each star, and include the number of potential flares in their light curves (events that passed the statistical threshold but were not confirmed) in Table 4 . Figure 3 shows a histogram of all the stars with confirmed flares binned by spectral type from M0 to M5. The fraction of stars by spectral type with confirmed flares rises from M1 to M5, peaking at 25% for M5, consistent with previous studies of M-dwarf flares (Kowalski et al. 2009; Yang et al. 2017; Mondrik et al. 2018; Günther et al. 2019 ). Yang et al. (2017) identified 540 M dwarfs with flares from Kepler long-cadence data and discovered that the active fraction rises steeply near the M4 subtype, coinciding with the threshold at which M dwarfs become fully convective. Günther et al. (2019) found a similar trend from a systematic study of 763 flaring M stars in TESS ranging from M0 to M8, with flare activity peaking for the M5 stars. Additionally, West et al. (2004) examined 8000 late-type dwarfs in the Sloan Digital Sky Survey using the Hα emission line as an activity indicator, and they showed that the fraction of active stars peaks near M8, in agreement with past work (Hawley et al. 1996; Gizis et al. 2000; Kowalski et al. 2009; Schmidt et al. 2016) . Kowalski et al. (2009) attributed this result to a combination of increased flare visibility (the contrast between flare emission and the quiescent background emission of the star ; Gershberg 1972) and an increase in the active fraction. They also proposed that later-type stars maintain their activity for longer: nearly 10 Gyr for M8 stars versus < 1 Gyr for M0 stars (Shields et al. 2016; West et al. 2006 ).
In Figure 4 and Table 5 , we show the distributions of ∆V and flare energies (see Section 3.1) broken down by spectral categories: M0-M1, M2-M3, and M4-M5. The M4-M5 group have the most flares among our sample, and they span a wider range of flare amplitudes than the M0-M1 and M2-M3 subgroups. Most of the M4-M5 flares have 0.25 ∆V 0.5 mag and jump to a ∆V ≈ 2 mag for I13352+3010, the largest amplitude confirmed flare.
All of the stars in the Lépine et al. (2013) sample have Hα equivalent width (EW) measurements as a proxy for activity (Walkowicz & Hawley 2009 ). Lépine et al. (2013) and West et al. (2011) define active stars as those with Hα EWs < −0.75Å. The equivalent width of a line measures the strength of the spectral feature relative to the continuum, where the continuum varies with spectral type. Therefore, rather than using the EWs directly from Lépine et al. (2013) , we use the χ ratio, defined as the ratio of the Hα continuum to the bolometric luminosity . Multiplied by the Hα EW, it gives the ratio of the Hα luminosity to the bolometric luminosity, and it allows a direct comparison between the strengths of the Hα features for stars of different spectral types.
We observe a strong correlation between activity and flaring: most of the stars with flares have negative χ values (see Figure 5 ). However, some stars with flares detected by ASAS-SN have low Hα emission (the bottom row of Figure 2 shows flares of inactive stars). Of the 62 stars with flares, 55 stars are active (χ < 0) and 7 are inactive (χ > 0).
This result is consistent with other studies of M-dwarf flares. In particular, Hilton et al. (2011) , Kowalski et al. (2009), and Hawley et al. (2014) studied populations of active and inactive M dwarfs and detected flares among both types, although they also found that active stars flare more frequently than inactive ones. Newton et al. (2017) showed that rapidly rotating stars (which tend to be younger with ages ≤2 Gyr: Newton et al. 2016) exhibit higher Hα emission than slower rotators (which tend to be older, with ages ≥5 Gyr).
Finally, although we were not able to confirm flares on M dwarfs with spectral types later than M5, we note that a total of 40 stars between M5 and M9 were auto- matically flagged by our algorithm in the Lépine et al. (2013) [18] and Cruz et al. (2007) [22] samples. It is likely that a fraction of those stars are truly flaring but did not meet our validation criteria. Despite the difficulty of characterizing flares on the lowest-mass stars, studies have found them to be common (e.g. Schmidt et al. 2014 Schmidt et al. , 2016 Gizis et al. 2017; Vida et al. 2017; Paudel et al. 2018 Paudel et al. , 2019 .
Flare energies
The relatively coarse sampling of our data gives little information about the morphology of individual flares, which is important for calculating flare energies (see Figure 6 in Davenport et al. 2014 for an example of a 1minute cadence light curve of a classical and complex flare). The energy of a flare is defined as the product of its equivalent duration (ED) and the quiescent luminosity of the star. The equivalent duration is the integrated area under the light curve and is measured in seconds (Gershberg 1972) . We computed the quiescent luminosity of each star by multiplying the flux in the ASAS-SN bandpass by 4πd 2 , where d is the distance to the source as derived from Bailer- Jones et al. (2018) , who uses the parallaxes from Gaia DR2 (Gaia Collaboration et al. 2018) . For sources undetected by Gaia, we used the photometric parallaxes reported in Lépine et al. (2013) . Although the limited cadence of our data prevents measurement of the ED of the flares directly, we can still place lower limits on the energies. We follow and briefly describe the methodology from Schmidt et al. (2018) to obtain flare EDs from a few detections. Lépine et al. (2013) , while those without the † are from Gaia DR2. The ζ, ζ TiO/CaH or "zeta" parameter is measured and defined in Lépine et al. (2013) as a combination of the TiO5, CaH2 and CaH3 spectral indices, a quantity shown to be correlated with metallicity in metal-poor, M subdwarfs and is ζ 1.05 for solar abundances. Lépine et al. (2013) .
As in Schmidt et al. (2018) , we fit our data by modifying the classical flare model from Davenport (2016) . They characterized a flare using two free parameters: a scaled amplitude and the full-time width at half the maximum flux, denoted t 1/2 . Their best-fit solution for the sharp rise is a fourth order polynomial of the form F rise = 1 + 1.941t 1/2 − 0.175t 2 1/2 − 2.246t 3 1/2 − 1.125t 4 1/2 (2) while the decay, which contains 61% of the total energy, can be modeled as the sum of two exponentials: F decay = 0.6890 e −1.600t 1/2 + 0.3030 e −0.2783t 1/2
(3)
We estimated the flare energies by generating 4000 flare light curves varying the position of the peak and t 1/2 (10 < t 1/2 < 2000 seconds). We then integrated the flux of the flare compared to the stellar luminosity for each combination of peak position and t 1/2 and took the median of all the values as the estimate of the equivalent duration. After applying this procedure to our sample, Note-"Potential flares" is the number of events that pass the 2σ statistical cut, and ∆V is the magnitude of the largest flare observed. The potential flares are not necessarily confirmed; in some cases, only the largest flare was confirmed. EU and E bol are estimated from EV using the relations from Lacy et al. (1976) and Günther et al. (2019) . we derived energies ranging from 2.0 × 10 30 < E V < 6.9 × 10 35 ergs. The energies are listed in Table 4 , and we plot the flare energies as a function of spectral type in Figure 5 . To estimate the bolometric energy E bol of the flare from the V -band energy E V , we used the conversions from Lacy et al. (1976) and in Günther et al. (2019) . Lacy et al. (1976) Combining these relations, we find that E V ≈ 0.042E bol , and we list the resulting E bol in Table 4 .
Variability Analysis
To explore the connection between magnetic activity and stellar rotation, we estimated rotational periods for the stars in the Lépine et al. (2013) sample from the ASAS-SN light curves. We did not consider the Cruz et al. 2007 sample here because of the stars' faintness. We used the astropy implementation of the Generalized Lomb- Scargle (GLS; Zechmeister & Kürster 2009; Scargle 1982) periodogram and the astrobase implementation (Bhatti et al. 2018 ) of the Box Least Squares (BLS; Kovács et al. 2002) periodogram to search for periodicity over the range 0.05 ≤ P ≤ 100 days. Periodic sources were classified using a random forest classifier and quality checks as described in Jayasinghe et al. (2019) . In order to minimize false positives due to spurious variability signals in the data, we implemented cuts in classification probability Prob > 0.9 and the Lafler-Kinmann string length statistic (Lafler & Kinman 1965; Clarke 2002; Jayasinghe et al. 2019 ) calculated for the magnitudes sorted by phase T (φ|P ) < 0.65.
Among the 1276 dwarfs in the Lépine et al. (2013) sample, we identified 77 rotational variables (see Table 6 ) and 40 other variables (see Table 7 ). The source I16343+5709 had Prob = 0.80, but upon visual verification, we found that it was the known detached eclipsing binary CM Draconis with P = 1.2684 days (Morales et al. 2009 ). 14 rotational variables had flares identified in the ASAS-SN data, which amounts to ∼23% of the flaring sample. 13 of those have rotation periods between 1.1 < P < 14.2 days (and an additional one has P = 97.1 d) and a median value of P = 3.8 days. They have Hα EWs of < −2Å and a median EW of −3.7Å. On the other hand, the rotational variables with no confirmed flares have weaker Hα emission, with EWs of −4.4Å to +0.62Å and a median value of −0.24Å. Thus, the rotational variables with identified flares are more active than those without detected flares. In agreement with previous studies (e.g., Newton et al. 2017; Doyle et al. 2018) , we find that more "active" stars (which exhibit starspot modulations and flares) have rotation periods of 10 days, while the more inactive stars (as defined by weaker Hα emission and lack of detectable flares) have longer rotation periods. There are exceptions to this trend, such as the active, flaring star I20198+2256 (which has P ∼ 97 days) or the active M5.5 star Proxima Centauri (which has P ∼ 83 days), both slow rotators compared to other stars with comparable flare rates and activity levels (Davenport 2016 ).
Influence on exoplanets
To find how many stars in our sample host confirmed exoplanets, we cross-matched our targets to the NASA Exoplanet Archive 1 by coordinate and checked for planets found by any method. In the flaring sample, we found 1 confirmed exoplanet around I13007+1222 (∆V = 0.14, Spt = M1.5V) and one star with a threshold-crossing event (TCE), I19539+4424W, where a TCE is a series of transit-like features resembling a true exoplanet signature (Jenkins et al. 2002) . However, this star is in a binary with I19539+4424E, and therefore the TCE could be due to the stars eclipsing one another rather than a real planet.
In the full Lépine et al. (2013) sample, we found 6 confirmed planets (1 per star) associated with I04520+0628, I08551+0132, I11421+2642, I13007+1222, I16167+6714, and I16581+2544. Of those, I04520+0628 and I11421+2642 were identified as potential candidates by our flarefinding algorithm. We confirmed at least one flare around I13007+1222 with an energy of (8.25±3.95)×10 32 erg.
Flares can have adverse effects on the habitability of M-dwarf planets. Long-term, frequent exposure to Note-Objects with a * are those identified to have flares in the ASAS-SN data. flares, coronal mass ejections, stellar proton events, and other related phenomena can cause atmospheric erosion over time (Lammer et al. 2007; Segura et al. 2010; Luger & Barnes 2015; Tilley et al. 2017; Howard et al. 2018 Howard et al. , 2019 Loyd et al. 2018) . For example, Tilley et al. (2017) modeled the impact of M-dwarf flares on an Earth-like, unmagnetized exoplanet in the habitable zone of its host star. They found that flares with energies comparable to 10 34 erg in the U -band with a frequency 1 per month will erode ∼99% of the ozone layer. Converting V -band to U -band energies using E U = 1.8E V , we find 5 sources with flare energies 10 34 erg. We did not construct a flare frequency distribution (FFD) because we only confirmed the largest flare in each star, and therefore we do not constrain the frequency of flares at this energy. However, we estimate that such high-energy events are relatively infrequent: in stars where we confirm a large flare, we do not find other flares of comparable amplitude (or energy) in the 6-year light curves. Flare distributions are power laws , and high-energy flares are less common than low-energy ones. We do see frequent, small flare-like features (some are apparent in the light curves in Figure 2) , and it is possible that even small, low-energy events like microflares (E V ∼ 10 29 erg) that occur sufficiently frequently could cause irreversible damage to an Earth-like atmosphere and complex surface life (e.g., Günther et al. 2019) .
CONCLUSIONS
In this paper, we performed an optical search for stellar flares of ∼1400 M dwarfs using long-baseline, moderate-cadence photometry from ASAS-SN. The sample was comprised of the brightest (J < 9 mag) M dwarfs in the northern hemisphere and the nearest (d < 20 pc) M dwarfs. Applying a simple flare-finding algorithm, we automatically detected 480 stars with potential flares, of which 62 were confirmed after visual inspection of the data. The confirmed events range in amplitude of 0.12 < ∆V < 2.04 mag and have V -band energies of 2.0 × 10 30 E V 6.9 × 10 35 erg, consistent with previous results in the literature.
From our sample of confirmed flares, we find a strong trend in the flaring fraction as a function of spectral type: the cooler M dwarfs flare more, with 25% of all M5 dwarfs in our sample flaring. We were not able to confirm flares among the later-types (from M6-M9) because the majority of the coolest dwarfs are optically faint and are therefore near or beyond the detection limits of the instruments. We find a positive correlation between the Hα equivalent width and the flaring fraction: stars in our confirmed flare sample display strong Hα emission. Finally, we derive rotation periods for stars in the Lépine et al. (2013) sample and find that the rotational variables with detected flares have stronger Hα emission and relatively shorter periods than those without detected flares.
Flares and stellar activity impact the habitability of exoplanets around M dwarfs. Observations at higher cadence and across wavebands, such as with TESS and JWST, are crucial to measure flaring frequency and reliable flare bolometric energies. Overall, these constraints are crucial to probe the relationship between flares, magnetic fields, rotation, and stellar age.
